Somalia is an East African nation with a history of civil unrest that produced a significant influx of refugees in the United States in the last 25 years. Between 2000 and 2010, 40% of all U.S. Somali refugees settled in Minnesota, which produces new cultural and health challenges for local communities and the state government. One such challenge is vitamin D deficiency, or hypovitaminosis D (Hv-D). Hv-D is developed through insufficient exposure to sunlight and low nutrient intake leading to increased risk for weakness and inflammation, oral health problems, diabetes, cardiovascular and autoimmune diseases, and malignancies. In this narrative review, demographic, geographic, and cultural information about Somali immigration is discussed. Recent data suggests Somalis living in northern climates (Minnesota, US, Helsinki, Finland, Sweden, the United Kingdom) experience significant deficiencies in vitamin D. Vitamin D is stimulated by ultraviolet light exposure, a balanced and healthy diet, and dietary supplementation. High unemployment rates affecting access to health information and clinical services, significant cultural differences, and climate differences predispose this population to Hv-D. Health education and health promotion programming at the community and state level in Minnesota should recognize the risk factors associated with Hv-D and the vulnerability of Somali refugees. Current and future health programming should be re-assessed for adequate attention to vitamin D deficiency and cultural competency associated with the Somali immigrant population.
Introduction
The Somali population in the United States is steadily increasing and the state of Minnesota is a growing place of settlement (Njeru et al., 2016) . There are several noted distinctions between living conditions in Somalia and Minnesota with key differences being climate, culture, and diet. Some aspects of these differences place Somali people at increased risk for development of vitamin D deficiency in the transition from Somalia to Minnesota.
Vitamin D deficiency, or hypovitaminosis D (Hv-D), is a condition associated with negative health outcomes in children and adults including muscle weakness, rickets, joint inflammation, dental caries and tooth loss, and increased risk for diabetes, cardiovascular and autoimmune diseases, and malignancies (Podd, 2015) . Furthermore, Somali people may not identify the public health-related risks of the differential geographic and climatic aspects between Somalia and Minnesota and therefore not recognize the need to alter lifestyle choices to prevent vitamin D deficiency.
Research on this particular topic is lacking. 
Somali Immigration to Minnesota
Somalia is an East African nation with a history of civil unrest. A civil war began in Somalia in the early 1990s, which prompted many Somali refugees and immigrants to move to the US (Njeru et al., 2016) , a trend that has continued over the past 25 years. Between 2000 and 2010, the population of Somali people living in the US has doubled (Njeru et al., 2016) . Somali people have moved to a variety of places in the US; however, Minnesota has the largest Somali population (Arcan et al., 2014) . Between 2000 and 2010, 40% of all U.S. Somali refugees and immigrants settled in Minnesota (Njeru et al., 2016 (Pavlish et al., 2010) . While Western medicine practitioners generally view health problems as biologically mediated, Somali culture views the root of some health issues as spiritual dissonance, social disconnection, and sadness (Pavlish et al., 2010) and some Somali women express more faith in God than medical science (Hill et al., 2012) . In fact, reading and following the Holy Quran is seen by some Somali refugees as a viable treatment option for both mental and spiritual ailments (Clarkson Freeman et al., 2013) . Likewise, God's will is seen as a major determining factor when considering if an individual will recover from illness (Clarkson Freeman et al., 2013) . Moreover, Western healthcare practitioners often focus on efficiency and expediency rather than building rapport and understanding, while Somali women expect to build relationships with their healthcare provider (Pavlish et al., 2010) .
Clinical Implications of Vitamin D deficiency
Vitamin D deficiency is a potentially serious chronic condition that is not well understood or easily recognized. In children, vitamin D deficiency can lead to rickets, a disease that leads to malformation of weight-bearing bones (Mahan et al., 2012) , which can impair the child's ability to walk. In adults, vitamin D deficiency can increase the risk of common cancers, autoimmune diseases, hypertension, infectious diseases, osteomalacia, and osteoporosis (Mahan et al., 2012 , Islam et al., 2012 . Recent clinical data also suggests vitamin D deficiency is associated with adverse cardiovascular events and increased overall mortality (MatyjaszekMatuszek et al., 2015) . In a recent study on Somali immigrants in Sweden who were either pregnant or new mothers, an association between Hv-D and decreased muscle strength was
found (Kalliokoski et al., 2013) . Muscle strength was measured via hand grip strength and ability to complete several upper leg exercises such as squatting, standing on one leg, standing from a chair and lifting of the hips. Decrease in muscle strength may be dangerous for the pregnant population due to the strength required during labor and during the care of a child.
A large cross-sectional study (n=14,213) was conducted using data from the National Health and Nutrition Examination Survey (NHANES) III (Frei et al., 2015) . Allostatic load, described as "a multi-systemic measure of physiologic dysregulation known to be associated with chronic exposure to stress and adverse health outcomes" (Frei et al., 2015, p. 1) , and its relationship to vitamin D status was analyzed. Allostatic load components included blood pressure, total cholesterol, waist-to-hip ratio, total cholesterol, and cortisol levels. A statistically significant inverse relationship between vitamin D levels and allostatic load was found (Frei et al., 2015) . This may be related to the large role vitamin D plays in immune function and consequently its ability to reduce bodily inflammation (Frei et al., 2015) .
The clinical implications of Hy-D stress the importance of risk factor examination.
Living at high or low latitudes is a risk factor for Hy-D (Rhodes et al., 2010) . Cutaneous vitamin D synthesis varies greatly by latitude, with individuals living at higher latitudes requiring more time outdoors to promote the same cutaneous vitamin D synthesis as an individual living closer to the equator (Rhodes et al., 2010) . The effect of latitude on vitamin D attainability among the Somali immigrant population is evident in studies conducted in Sweden. Somali immigrant women living in Sweden have been found to have lower serum vitamin D levels than native Swedish women (Kalliokoski et al., 2013 , Saaf et al., 2011 , Demeke et al., 2015 . The impact of latitude and season on cutaneous vitamin D synthesis will be discussed in more detail below.
The Impact of Latitude and Season on Cutaneous Vitamin D Synthesis
Somalia is located on the Equator (Hadden, 2007) . Minneapolis, Minnesota, on the other hand, is located at much higher latitude at approximately 44˚ N (Minnesota Department of Natural Resources, 2017). Somalia's proximity to the equator keeps temperature fairly stable and results in heavy sun exposure (Hadden, 2007) . The average temperatures in Mogadishu, Somalia's capital, range from the low 80s (˚F) in July to the low 90s (˚F) in April (Hadden, 2007) . 
attained by an individual with white skin from 9 minutes outdoors at midday with 35% of total body surface area exposed to sunlight (Rhodes et al., 2010) . In the same location under the same conditions on December 21 st , it would take 49 minutes to achieve similar cutaneous vitamin D synthesis. In comparison, at 49˚N on June 21 st , time needed to achieve sufficient cutaneous vitamin D synthesis increases from 9 minutes to 11 minutes (Rhodes et al., 2010) . In the winter months at 49 ˚N, time needed increases from 49 minutes to over an hour. Additionally, it may be difficult for an individual to leave 35% of total body surface area exposed to sunlight on
December 21 st at 49 ˚N due to cold temperatures. Even at 42 ˚N, cutaneous vitamin D synthesis may be negligible from November through April (Holick, 1988) .
Clinical Effects of Climate Differences
Studies in other locations with substantial populations of Somali immigrants have investigated the vitamin D status of the native population compared to that of Somali immigrants.
Sweden is one such location where several studies have taken place. Sweden is at a slightly higher latitude than Minnesota, at 60˚N (Kalliokoski et al., 2013) ; however, the difference in latitude between Somalia and Minnesota and Somalia and Sweden is comparable in the context of effect on vitamin D attainability. In the Swedish study, Somali immigrant vitamin D levels were compared between native Swedish women and Somalis over 18 years of age who were either pregnant or new mothers (Kalliokoski et al., 2013) . According to many experts, a vitamin D level of <20 nanogram (ng)/milliliter (mL) indicates deficiency, a level of 20-30 ng/mL indicates insufficiency, and >30 ng/mL is considered optimal (Holick, 2009) . Approximately one third of the Somali women had vitamin D levels <4 ng/mL and 90% were deficient in vitamin D e r n a
with a level <6.25 ng/mL. (Kalliokoski et al., 2013) Almost half of the Swedish women had levels >20 ng/mL and only 10% had levels <6.25 ng/mL (Kalliokoski et al., 2013) .
The results of this study are corroborated by a similar study in Sweden at 59˚N conducted after the summer season when serum vitamin D levels are expected to be highest (Saaf et al., 2011) . Serum vitamin D levels were compared among pregnant Somali immigrants and Swedish women who were between 7 and 26 weeks gestation. Serum vitamin D levels were significantly different among these populations. Thirty percent of women of ethnic Swedish origin had a level of >30 ng/mL, 55% had a level between 20-30 ng/mL and 15% had a level between 10-20 ng/mL.
Twenty five percent of Somali women had a serum vitamin D level of >5-<10 and 75% had a level </= 5 ng/mL while no women of ethnic Swedish origin were found to have serum vitamin D levels less than 5 ng/ml (Saaf et al., 2011) . Not only is the health of the mother negatively affected by Hv-D during pregnancy, but the health of the developing fetus is as well. The children born to mothers in the aforementioned study underwent a follow-up evaluation at age 4 (Fernell et al., 2015) . Particular attention was paid to neurodevelopment due to the high incidence of autism among Somali children living in Stockholm county (59°N) (Fernell et al., 2015) . Only 69% of the Somali immigrants in the Stockholm study with collectively suboptimal vitamin D levels had optimal pregnancy outcomes compared to 89% of mothers in Stockholm
County as a whole. In this case, pregnancy outcomes is a comprehensive term including miscarriage rate, prematurity, prenatal malformation, Apgar scores, and neurodevelopmental scores at age 4 (Fernell et al., 2015) . Children are affected by Hv-D in other northern areas of the world as well. Children residing in the United Kingdom age 0-16 with serum vitamin D levels of <19 ng/mL were recognized in primary or secondary care settings over a 4 year period (Modgil et al., 2010) . Of these 127 children, 82% were Somali (Modgil et al., 2010) .
A study conducted at similar latitude (57˚N) assessed bone mineral density (BMD)
among Somali women living in Gothenburg, Sweden (Demeke et al., 2015) . Somali individuals were originally from 0-10˚N and had been residing in Gothenburg for at least 2 years. BMD was assessed via dual X-ray absorptiometry (DXA) scan of the lumbar spine and both hips. Serum vitamin D levels were also measured among Somali study participants. Severe deficiency was found in 73% of Somali individuals (<10 ng/mL) and only 6% of Somali participants had a vitamin D level of >20 ng/mL. In this study a correlation was found between sub-optimal vitamin D levels and low BMD measurements. The BMD of Somali individuals was compared to the BMD of reference population including both white and African-American individuals living in the United States; this normative data was provided by the DXA manufacturer. The BMD of Somali individuals was significantly lower than reference populations which places them at greater risk for osteomalacia, osteoporosis, and bone fractures (Demeke et al., 2015) .
In addition to Sweden, Minnesota, and the UK, Helsinki, Finland (60˚N) is home to Somali immigrants as well (Islam et al., 2012 ). An estimated 7,018 Somali immigrants resided in Finland in 2016 (Statistics Finland, 2017 . In a recent study, 90% of the Somali immigrants living in Helsinki were found to have an insufficient vitamin D status (defined as <20 ng/mL) (Islam et al., 2012 (Binkley et al., 2011) .
Sources of Vitamin D
Vitamin D can be obtained through three avenues: Synthesis in the skin through ultraviolet light exposure, standard dietary intake, and dietary supplementation. Moderate ultraviolet light exposure is likely adequate for most people to achieve adequate serum vitamin D levels (Mahan et al., 2012) . However, melanin in the skin decreases ultraviolet penetration and dark skin has a much higher melanin content than white skin (Mahan et al., 2012) . Therefore, populations who have dark skin, such as the Somali population, are at increased risk for inadequate vitamin D synthesis from sun exposure. Living in Northern latitudes and wearing clothing that completely covers the body are also risk factors for inadequate ultraviolet light exposure and therefore inadequate bodily vitamin D synthesis (Mahan et al., 2012) . Populations with these risk criteria require increased dietary intake of vitamin D or vitamin D supplementation to prevent deficiency (Mahan et al., 2012) . Foods high in vitamin D include fortified dairy products such as milk, yogurt, butter, and cheese, fish such as salmon, mackerel, tuna, and sardines, eggs, fortified cereals and orange juice, cod liver oil, and beef liver (Mahan et al., 2012) . Most of these foods are not included in the traditional Somali diet (Centers for
Disease Control and Prevention, 2008).

Somali Culture and Demographic Information
In 1972, Somali became the official language in Somalia and was therefore the predominant language used in the government and school system (Centers for Disease Control (Arcan et al., 2014) . Adolescents in 6-12 th grade
were given a 235-item self-report survey and a cross-sectional analysis of the data was completed. All groups studied had low intakes of fruit, vegetables, and milk and high intakes of sugar-sweetened beverages and fast food. Specifically, Somali girls had lower milk consumption than white girls and fast food consumption is high among all Somali youth (Arcan et al., 2014) . (Benbenek and Garwick, 2012) . Specifically, girls reported frequent consumption of Somali low vitamin D food staples. Moreover, when asked about high vitamin D and calcium foods, girls reported, "our moms don't know how to cook that food" (Benbenek and Garwick, 2012) . Environment, developmental stage, and acculturation were identified as additional influential factors on vitamin D and calcium intake (Benbenek and Garwick, 2012) .
Strong adherence to consumption of Somali food staples was highlighted in a study on Somali children with type I diabetes living in Minneapolis and St. Paul, Minnesota (Sunni et al., 2015) .
Carbohydrate counting while consuming Somali food staples was identified as a barrier to achieving euglycemia (Sunni et al., 2015) . These studies stress the need for culturally relevant dietary education materials.
When providing healthcare to Somali individuals in the United States, effective communication is key. Adherence to preventive healthcare is better among Somali immigrants residing in Minnesota when interpreter services are utilized (Morrison et al., 2012) . According to Steinman et al. (2010) , Somali patients have reported "listening, explaining, empathy, addressing specific concerns, repeating important information, offering preventive advice, and sufficient visit time" (Steinman et al., 2010, p. 67) as traits they would like to see in a healthcare provider.
Healthcare interventions are more effective when trust is built between the healthcare provider and the Somali patient (Johnson et al., 2009) . Therefore, it is concerning that healthcare providers in Finland working with the Somali immigrant population report communication as a barrier to effective healthcare (Degni et al., 2012) . Since building rapport through good communication leads to better adherence to healthcare interventions, adequate interpreter
services are vital when providing education to patients (Carroll et al., 2007) . Also, due to the importance of community in the Somali culture, community based participatory research may produce and facilitate the integration of prophylactic services for this population (Johnson et al., 2009 ).
Culturally Congruent Health Care in Minnesota
When considering access to health services in the US, it should be noted that 42% of These requirements are not subject-specific, however, and adding a cultural competency component specific to immigrant needs should be strongly considered. Minnesota offers continuing education opportunities for dietitians, many of which are in the form of conferences, which represent an ideal setting to provide culturally appropriate education and continuity of care. The National Wellness Institute hosts an annual conference in Minneapolis which could be an ideal catalyst for discussion and development of new programming. Additionally, high rates of unemployment, limited financial means, and limited English proficiency and health literacy present as barriers maintaining a healthy diet and supplementation.
Public Health Implications
These factors must be considered when developing new health promotion programming or evaluating existing programs.
The Somali refugee population is one of the most recent to immigrate to the U.S (Njeru et al., 2016) , which provides health educators with a challenge and an opportunity. The Somali transition into U.S. communities can include healthy practices associated with vitamin D while maintaining core cultural elements as they begin a new life in Minnesota. Dietitians, health education, and health promotion professionals should assume supportive roles in these processes. There are limitations to this narrative review worth mentioning. Methodologies employed in narrative reviews are often less strict, more subjective in nature, do not provide quantitative synthesis, and often offer a holistic interpretation of the literature compared to systematic reviews or meta-analyses. Narrative reviews that do not employ methodologically solid methods, such as the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), may be prone to bias and confounding. Narrative reviews serve to re-introduce and discuss an existing issue rather than present an objective summary of the literature. 
